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^ The invsrslion is a commuiriication msfhod 
with the e<^yipmsrit bsionging to it and its aim is 
to increass tlis raimber of LiS8.rs in a nstwcrf« or 
oeii. Data is transmiSed by thss method by usirsg 
a combified CDMAn'DiVIA or TDMA/CDiVIA irsui- 
tipie use whereby eooiirfsfnentary cods sets 
{ocwTsptete orthogosiai codss or nors-triterscting 
codes) sr© yssd as spreading codes, in the 
appSicgtSons of th® msthod to ssisting or pisn- 
ned TDMA systems, a CDMA part is addsd to 
shesm, by »*ich a spreading coded COyA multi- 
pte access is used in svssy time ^ct the 
TDMA ffafns, in said way, to incmass the num- 
ber of us«m. Ths dascrfbsd method does not 
rsqiism any power contei methods, p.qt any 
mijitipis access Inisrfeferfce eanceiiing 
msb'jods to frsGfease netwoff; or csl capacity. 
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Tli® invsntioji fsiates So a method for radio feie- 
phoris commiinieation. Ths isiventsors aim reiates to 
GQn@spon4mg communication sq«ipment or systsm 
for ifrtpiemenJing 6b« msthod. 

if) pondpSe, for a muitipte access communication 
in a radio channei there ars ttsree kinds of sTtethods: 
She FDMA, the TD^Aand th® COMAffiuiSspfe accsss. 
The CDfi^A msthod haa b&®n made possible by the 
dfsveSopment of th» spread spectrum tschniqus. The 
spread spsctrom tschniqwe has many known advan- 
tages as compar©<5 with th® traditional asrnmiinica- 
tson methods. Orssof thefund&msrsta! reasorss for ys^- 
\n§ ift csvH comrosjnicasioff (®,g, sn f«obsis c@S- 
luiar nstwfork) is ihm frequarscy sffScieriey. 

As cofnfnunicatfoo fseeds hav® increased f hsire 
has been a cos-rsspcndrng increase In the number of 
yssrs which is a probiam in mobiie systems. Ths con- 
struction of totaiiy new sysiems and the infrasiruc- 
twes mquirsd tsy thsfsi (bas® stesEtosls, SKchfarsgss, 
fits) to overcoTfte these probisms is espsosivs, thos 
om alternative has bs«n proposed which is to widen 
the eapaciti«s of the existing syatema by sostw sddi- 
tiona! chas'actsristics, !t is, for ifistafice. possibte to 
dssign "on" - or "in" - tiie cSigitai TDMA systems (as 
GSM m6 DECT) to introduce mmm CDMA character- 
mt'ics, whereby the riomtjsr of the users of the TDM A 
sysSsm can bs increased to a totai capacity that Is 
possibie to reaob by the CDMA systems. Thus the 
system wouSd be a combination of afS the muitipte ac- 
cess methods, its jmplementstion wotsid be carrissd 
outttirough evoiution and its infrsstroctttrs wotiSd be 
iess e-xpansive. 

in the foilowing, the basic factors connected with 
the CDMA are disciissed. In the CD^f'Asystem, svsf y 
iissr has a specific spreading code by which the 
users are separated from each other, in an idsai 
case, the spreading codss are orthogonal in relation 
to each other, it is tbuss possibie to demoduiate fnrjm 
tbs received signai the symbois transmitted by every 
user by matched fiiters accofding to the spreading 
codes. It) the idea! case when tlie codes ssre coai- 
pieteiy orthogofMsl, ^jmpies taken from the output of 
the filters indyds only data from the signal which is 
to be detected, and is owned by the desired user, in 
en idea! system it is compietsiy linear and synchron- 
ous and where the spreading codes are orthogofial, 
bstwesfs th» diffsrant ft)«itiple acoesa methods 
(FOMA, TDMA, CDMA) there ars no differences, as 
far as the spectrum efficiency is concerned, !rs prac- 
tice, however, no system is completety ideal in at! con- 
ditions. Tt5is Is why the choice of the mtjitipte access 
method is signifieanl For instance, in the mobiie ra- 
dio ctisrsnei the COMAsystBm hess many advantages- 
there is less inSersymboi intsrferefice (iSi) tsstwesn 
the symbois tiian In the narrow i>and eystema, fading 
wiil decrease and a narrow t>and system can operate 
within the sanm frequency range as an ovsriay sys- 
tesYi with a COMA system, Aiao the above mentioned 



spectrum efficiency - or, using anotherinterpretation, 
the channei capacity - mil be enhanced. 

ifj practice, in the system ti^e signals from 
different users propsgats from the transmitter to the 

5 receiver aiong a distance that is different for every 
aignai. Ttieretjy the signaisi witi be deiayed in Ih® 
channel by deiays of different length and reach the 
receiver dunng different code phases. Furthermore, 
different users transmit independently from each 

io other whlcii, in addition to the channel Influenoe, 
causes phase randomness in the received signal. 
Diss io ttje fact that the orthogonality of the spreading 
codes is (in g&nera?) not possibie for ali the values of 
the delays, some influence of the cross-correlations 

f5 between the signais of other users is asen, in addi- 
tion to the autocorrslation fonction of the desis^d stg- 
nai, in tt^e omtpiits of the mat^^hed filters to the 
spreading codes. Thus dsfferetst users interfere v^ith 
each other. The created interferences are called mul- 

20 tiple access interferences, 

!n ceiluiar moislte comnrsunication, different mo- 
bile phones t ransmit their signals independentty f rojri 
each other, and the signals propagate via different 
paths to the tjase station. From tt>e base si.atiDn the 

25 signals to be transmitted to diffsi'snt mobile phones 
can, however, lie transmitted simuStaneousiy. The In- 
terfsring signais, transmitted by the bass station and 
received i>y each motsiie phone, also propagate via 
the same path as the desired signal. Therefore, ttse 

30 multiple access interferssnces are only particijiarly 
significant when detecting signals transmitted isy dif- 
ferent mobile phones at the bass station. 

The non-orthogonaiity of the spreading codes is 
a isasic probiem that weakens the perforrnar -ce of a 

3S practicai CDMA system. The different propagatiofF 
path iengths of the signals also cause differsnces in 
the received power levels. This situation arises e.g. 
when severai mobile phones transmit their signals to 
one and the same base station: the signal, from tt^e 

40 mobile phone which is nsar8.st to the base station is 
stronger than signais from more distant locations 
when received at the base station. Astrong signal dis- 
turbs detection of weaker signals. The problem is 
known as the nesr-far-probiem. In mobiie phone tsl- 

4S ecommunlcation the near-far- prabism is significant 
particuiariy when detecting signals from different 
mobile phones at s base station, 

in the CD^A system there wo«id be no near-far- 
probiem, ormoitlpie access disturbances genersiiy, if 

so the spreading codes were acctirately orthogonai. 
Therefore, attempt© bav® been made to soSve ti?i© 
probiem by generating code families with as little 
cfsss-correiation as possibie between code msn> 
bers. The my Itipie access disturijances in the CDMA 

55 system ean.not in ali situations be eiitrsinated through 
code design, they can only be reduced; the exception 
b«ifig a system with known delays. 

When the difference between the power levels of 
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two signais fe iarge, svsni a minor cmss-«or!iaSasiori 
bstwseo Ehs dasirsd and the [nterfeHog signal caus- 
es a major interfsrersce in the dstection of a weak sig- 
nai. This probiem caii bs aiisviatsd by iowerissg Ehs 
Irarssmiasiori teve! of the sirong inteffeiing sigrsa! so 
that She s'ecsivsd^ power ievels of the dssirad and ths 
interfering signals are of the asms order. This msthiid 
is cafied pcswsf eontot. Power corstml isa straigWfor- 
wafd, oorivsntiona^ way to dscrease msjitipSs access 
interferences. The probSefT! In such power conlro! 
techniques is that the rrsethod rr?sas«res average 
tmnsmiasior) powers, teadiftg to a worse signai-to- 
ftoiss raUo mdi to an srscreasa in th® bit error rate. 
Thus, power controi may resist in siiff icient degrada- 
tion of a signaS so as to snmii its tssRsf icia! irsf ?uence. 

Tlie interferences created by users between 
each other can afso b« decfsased by signai fietecStofs 
msthods. These methods are calle<i msiltipl® acceiss 
snterferefice caficeSisfSQ meihods. When there is oniy 
one usssr in the spread spsctrum sysism, or xwhen ths 
sprsading codes in a CDi\r1A system are orthogonal, 
the received sigrtais in a noisy channsS cars he dstsot- 
ed \n reiation to She bit ©rsw probssbiHty in an optimai 
way, using snatehed fiitssrs to the spreading codes. 
Whsn ttm spreading codes are non-srtJiogonaS tiiere 
are bstterdstection methods thars the one mentioned 
above. In CDMA system signaS detectiort studies it 
has long been assuirsed that fsiuitipie access intaf fer- 
ences couid be acouraisiy approximated as Gaussian 
random processes, and that Iherefora ths matched 
fiifer and the snesnoryless detector of the spreading 
codes couid form an optirrss! receiver in an ideal 
shannaL However, Shis assumption is not vaSid In a 
pracSscai sitifaSion. 

in pracSice, a non-ideal cross-carreiation fsjric- 
tion betwaeri the sx>des of different users is detri- 
meritai to the operatiriii of ths indivkiua! recesvsra ss 
vvsiS. it rrsakes i>oth aoquiaition and traciting of the 
code synchi'onisatiQn of the recelvsr diffscuft. Re~ 
speeSivsiy, She devlaSson of the cods aytocorrsiation 
funcSiOii from the idea! smpois®- like aytocorsislatbn 
casjses probferns in cod® acquisition and tracking, 
and in a fading rrtMitlpath ci^anoei, in particular. 

Therefore there are no spreading codes to create 
ideai charac'ieristios in aSi practicaS sitsjatioos, Sy an 
Ideal ciiaracteristic is meant the irnpuis©-lii<e sharac- 
tersstfc of She code awtocorrsiation funrtion, wt^ereby 
it has the top ievei in reiation to iength at zero delay 
1,'aius and its sideiobes are zero at aii other delay val- 
ues. Regarding ihe COMA multipie use, it is res^uired 
that She oixses-corretetion fiinction between the 
codes (f! a code set is zero aS ail possibie deiay vsiues 
(oarnpieteiy orthogonal codes) and not oniy at zero 
delay. 

There is a set of spreading codes with vtfhioh de- 
sirsd idea! features can be obtainsd by certain condi- 
tions. This kind of a code set comprises compiemen- 
Sary cedes or sequences. Tfieaa are oharacteriaed by 



the fact that one singie code In ths code set is foriTisd 
by several (equaily long) nionibers, ths sum of the au- 
tocosrelation functions of which is idsaiiy !mpiilse-ii - 

s ka. Each CDMA usar ooda is buiSt by th® msjTifoera of 
the code sat so that the mm of the mutual srosss- 
correiation functions is zero at aii deiay values (non- 
interacting or completely orthogona! codes or code 
sets). The forn-sation of spreading codes has been de~ 

io sQibed, e.g., in B.P, Schweitssf, Gsnaraiised Cons- 
plemsntary Cods Sets. 1971, doctor's dss.'sertatson, 
University of California, 1.0S Angeles, USA,, 87 pages. 

When putting into practice a commonlcatlon sys- 
tem wt^ers She number of users is K, K complete os- 

■is thogonaJ codes are rsQuirsd, They are forrrsed by K 
memtjefs of a coda set, e.g. in th® way presented in 
Schweitzer's study. The transmission of the mem- 
bers of the codes of each sj-ser re^iiires K orthogonai 
channels where, by combining (summing) the ouSpyt 

w signais of the matched filters a situation in a multiple 
access case Is reached where the users do not intes- 
fere with each other. For instance In Fig 1 there is a 
eaaa of two users (K~2). 

Depending on the transmission channel, ths er- 

ss Shogonai channels are created in many ways, if the 
coherence time of the chsnnel is iong enough, ans 
transmission chanfte! can bespiiS into K different time 
slots and ti'sus create i< orthogonai channels. Re- 
spectively, if She width of the cohereftce band of the 

so transmissbn channel is wide enough, the channel 
can be spilt into K non-ovsriapping frequency inter- 
vals whereby the orthogonal channeis are created. 
Other orthogonallzation pcssibilitlss with one chan- 
nel Sraosrrsission comprise, e.g., ttj-s wseof She quad- 

ss rature components of the carrier wave (K~2) and the 
use of different polarisation levels or rotation dissec- 
tions. 

Fig. 2 shows a two liser CDMA system Illustrating 
ths principles of ths appilcatlon of a corfsplesnentary 

^0 cods set e,g. in a ce!iui.ar network. A ceil include.s! two 
mobiles and iv?S#2 and a base station SS, com- 
prising th® receivers for both of She users #1 and #2, 
ideai charactsnstics of ths complemenSary cods set 
are brought in to use when She s'adio ohannei is sirfje- 

4S ftisjitipiesed inSo two orthogonal sihannels 1 and 2, 
completely independent from each other. The as- 
sumption theretjy is that the oohsr-snce time Tc is 
long enough, mgarding the orShogona! signal proc- 
esasng required. In a two user system two codas (a 

50 code pair) for each user are rsjquirsd. iniBffteranca.'s 
and noise wii! be summed into She signals in the radio 
channels, in this example, it is assumed that the radio 
channels are ideai. The spreading codes the users 
#1 and #2 are e.g. selected aoocsrding to t he principies 

55 pjiasented in ths Schweitzer study, so that they will, 
St all daisy vaiues, form a complete orthogonal code 
pair. The spreading code waveforms of the data sig- 
nal di of mcibiie MS#1 are s« for channel 1 and s^j for 
the orthogonal ohannei 2, In She base station receK'sr 



3 



5 



8 



#1 them Is a f istar hii mstshed for the cods of channsl 
1 , and fof chanfie! 2. As a princjpls, by sumfning 
the ssjtpijt signals R« and R-.^ of th& filters an tdsaS 
dsstectiort rssisU for the usbt ^1 is d«riv®d from the 
summed signs! R,. RsspeciK'siy, ths spraadsng 
codss erf the mobs is MS»2 ars 821 and Sj2 and the 
matched filters iij^ and hjj, Ute aommed signal = 

* Raz of which givss an Idea! dstscSsors msuit for 
ths us«f #2 (dj). 

Tfis ssgoais of Sh© base sSatiofi receivefs are dis- 
cussed at a principis teveL it is assymsd that the data 
ssgnate have been BF-'SK sprsadirig mod«!a4ed totiie 
carfisr v^ws and the bits are presented as foiiows: bit 
"1 " -> waveform and bit "0" -> wavefarrn As art 
asample, ist us assomQ thst the system (K=2) issss 
th& fcsliowfog signais (a compi«mer5tary code pair and 
io It a coiT!ptet8 orthogonal pair): ths sprsading codes 
s„=-H-*-, s,^~•s-*-^■■ of MS#i, ths wavefornrjs S2i==*- 

S22-+— of MSS2. Thus, the isnpyise responses of 
the fsiatohsd fs iters of the bass station BSars; rscsssv- 
sr #1 hii~-++-«- and h,2»:+-s-+ and rsce!v0r#2 h^i^**- 
+ and iijj™-^. it iS5 assumed in this Sxarripls thatthe 
data sigf^ais of the sisers are hirsary (di=^"1", dj="0"} 
arid that ail gains are normaliaed as ones- Then MS#1 
transmits the wsveforffi a, %q chsnnei 1 and 
She wavefofrn s<2--»-+-+ to otiannsi 2, Raspactivsiy, 
iv1S#2 transmits th» wavefcwms .Sj,=.+— and -sjj-~ 
whssfs the infiiisnce of the data bit dj on the 
BPSK signai is taken into corssideration. 

Fig. 3a shows signals of iiie base siatiors raoeiv- 
ars when rso intsffareoces flor any noise is summed 
to Jhetransrriissiori stgrtais iri the chanrieis, an<S when 
aii the gains are assumad to be ones. The rscslvsr 
gsvss Id both of tte ussm #1 and #2 a wavsform that 
rssembles an idea! impuiss function and from which 
tba fsqulred data symtsoi detection can be made. Fig, 
3& iiiuslrates a myltiple access sitiiation vvhers the 
spreading signais of isser #1 {MSSI ) are also arriving 
at ths receiver sf iisar#2 {US^2) and vice versa. Ths 
sifTi ofthis figure is So show that no irstiitipie access 
interfersnces or non-interacting aelse and m power 
control are needed, 

in a first aspect of the irivention there is provided 
a rriethod for radio teiephona commonicatior! com- 
prising, assigniRg r«spscti¥8 groupSi of radio teis- 
phofie users to rsspectiv® ones of a piurslity of ortSio- 
gonal radio telephone comsriiintcatlon channsia, and 
assigning ta each user of said groups mMtisaiiy ortho- 
gonai spreading codes, 

in a second aspect of the iwefstion there is pm- 
vided a system for radio telephone oorfifrsunisation, 
comprising rsseans for assigning respective groups of 
radio talsphons users to respect iva ones of a pi«raifty 
of orf hogodai radio tetephone oommunication chan- 
neia, and means fof assigning to each ussr of said 
groups mutyaily orthogonsi spreadlsig oodss. 

These have She advantages ttjat the number of 
sjsers in a oorrtrnsjrsicatsor! network or ceii can be ®s- 



sentiaiiy increased, without any power eontswi meth- 
ods or any rancsSisng methsxis to be appiied to the 
myitipte access interferersces. 
s A specific embodiment of ths invention wiii rjow 

be described, hy way of example only, with rsfersnos 
to the drawings in which; 

Fig, 1 shows the case already described where 

She number of users is K; 
10 Figs. 2 and 3a, 3b aSso show the described case 

whefa there are two assrs; 

Fig, 4a illustrates the prihcipie of the method ac- 
cording So She invenSlon; 

Fig 4b shows ttie principle biock diagram of the 
is system according to th» invention; 

Fig. S shows the signal sSr«ct«re connected with 

the description of ths method; 

Fig. 6 shows s»vera! signals, respect iveiy, within 

one time slot; and 

Fig ■ 7 shows an sxampie of t he way to use t he in- 
vent ion ir! the GS^jI system, 
Asdordingiy, this Invention reiates to a communi- 
cation sTiethod in whieti data is transiTsittsd in a com- 
bination with both the CDMA and the TDMA msth- 

25 ods, lissng Sti® gsnsraiiy known mod«iation rrsethods 
{either coherentiy, noncohsrently, differarsiiaiiy co- 
herently or gsnsrally as y-ary symijols), from the 
isase station to the «ser or vies versa. Both the base 
station and the users can be fixed and^or mobile, 

30 Known dupfexing methods can be used in the bidir- 
eciionai communication. 

Fig. 4a shows the principle of the method. The 
users of the communication system (i..'K) are miilti- 
plexed So L TDMA users and K CDMA users so that, 

3S durin g the t i me f ra.me 7^ to be formed from the Infor- 
mation of L users, n data bf Is or data symbols of each 
user are tnansmitted in their time slots Tm^- During 
each time siotlTOH data (n data bits or data symbols) 
from K other users are transn-sitted by ths CDMA 

40 method, usirtg ths compiete orthogonai code sets 
(compiemenfiary code sets) for spreading the spec- 
trum 

if! accordar?ce with the invention Share is provid- 
ed equipment for the commsjnication system {Rg. 4b) 

48 Of, in case the method is combinsd with existing 
TDMA systems (soch as GSM or DECT), Itaiso com- 
prises a CDfv^A part psTovldIng the orthogonai Srs- 
crease of the numbsr of users. 

The co,mm«nication system increases the num- 

so ber of users in a ceil (network) so that the ssgrsals of 
the users are (as far as possible) orShogonai in rela- 
tion to each other, so thatthe users will not interfere 
(of are non-interacting) with eadi ether. Users that 
do not interfere with each other are obtained by a 

55 TDfi/i A multiple access, whereto more users are oon^ 
nected by complste orthogonai code sots (such as 
ccHiTsptementary oode sets), using the CDiVSA muitipie 
access. 

The tisers ara broken down into groiips that do 
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not with sash other, first, by time muS^iplex- 

ing, and then muSiialiy orthcgonai users are adsJsd io 
sach tims stot ss a CDMA, Sreaking tte us5©rs down 
to growps that do mt irsterfere wittr «ach oth®F can 
aSso be carded out in rsverss ofd®r. Than th» tSms 
sSot comprising COMA users does not fsquirs any 
rsshvork paws? cont'Ol enelhods to soive the nsantar 
prol3?em, norsfsymu^tipS® access irtterfsreftcscanceS- 
iation methods, to tncrsass th« rssjmbsr of users. If 
ih» CDMA part wjuld be carried out in a wdS known 
wsy it Wi5«fd require at Seas} power control in ordsr to 
avoid the m&r /far probtesn. 

The totaS nyrnbsr of users that do not intSffere 
with each other is the number of tsrrss slots (L) times 
the niifTiber of the CDMA «asrs {K) in a TDUA time 
siot 

The commwrjioat ion i i rtk i-s t sms ay snchs-Qn izad, L&. 
siS ussrs shall know tSis real ttms. wilh a csi-tain m~ 
certainty, as pi-esispposed by the TOivlAsRatliod. The 
time synchronization of the users of the network and 
of the base statlOH can be obtained iri wsil-krtown 
snethods. The acajracy rsquirerfsent of tfss time syn- 
chronixstien Is influenced Isy the maximum vaiue of 
the multipath delay spread (1^), the propagation de- 
lay difference (Tr) of the interrssi signsfSs of the nst- 
woi'k (depends on the locations and t he relocxsting of 
the sjsers) Sind other Inaccuracies of timing (T^. 

Withiff sach TDMAtims slot, several other sim«i- 
San-sous additionsi users transmit data using ths 
CDMA method, each using a cods set of his own. The 
spreading code sets have been seSeeted so that they 
are complets orthogonal in relattGrs to ssch other, i.e. 
the croaa-correSation between th© cods sets of She 
sisesrs is mro at al l delay vsli^es, noS only at zero del ay 
vaiue. This kind of code sets can be formed from the 
known complementary code s«ts. Then, within a tS me 
frame, there is no need to have any exact time syn- 
chronization. The duration of the tims slot msjst bs 
ecjuai to or shorter than said coherence ti?r?e (To) of 
the transmission channel, in order to enable the for- 
mation thedesireci combirsations of the output signais 
of the matchad filters of th® members in the code 
sets. 

Fig. 5 shows, as an oxampits, a signal structure 
in one time slot, it is assumed that the avalSability 
concerns a comptemsntary code set comprising K 
member codes 81. S2,.,,,SK and that the ieagfh of 
each of them Is i^S bits. From these member codas a 
complete orthogonsi .•spreading csd® is formed for K 
users, accortiing to known principfss. For instance, 
the 

spreading code of a CDMA user S1 comprises the 
members Sj1, S,2, S,3..., S,K, where SiK 
!;k~1,2....,K) Is one of t he members S1, S2,..., SK, do- 
termtned by the ccmpiemsnJary characteristics, in 
the figure, th© signal stryct«rs indicates one trans- 
mission biirsi, wherstsy n das bits or dat^ Siynibols 
are transmliled, in the tjeginning of tti© burst, th® 



data symbols (0, 1, .„, a) foliewing each other ar® 
spreading modulated in well-known w.ays by the code 
member S,. The length of this transmission is nNT^ 

5 seconds. Then follows a transmission pause the 
length whici! is T^ + Ts? seconds. This trans- 
mission pays® is used to prevent ths signal of the pre- 
vious code mesrsber to reach ths receiver during the 
foiiov^lng cfsde member, due to the rnuitipath propa- 

to gatson or timing inaccuracies, because then the Infiu- 
enees of the cross-corralation between the code 
members would be p«reeptible In the rsoeiver (it is 
true that the code merrtbers are orthogonal between 
themseives botnotcompisteiy orthogonal at all delay 

« values), Aftsr the transmission paijs« the data sym- 
bois are retransmittisd but now tt^sy are spreading 
modtiiated by ths cods memSisr S-j2 and the trans- 
mission ss followed by a pause. This is repeated wnti! 
the data symbols have alS been spreading modulated 

10 by ail of the code msmtjers of the usar, Ths sum of 
the tirfiSB ni^iTg and T^., * T(, + T^ is Indicated by time 
'^isjx snd it can be ytiiised in the receiver to cfiange 
ths matched filter when the spreading code memibsr 
is changed in ths transmission, but its use is not nee- 

25 essary. 

Fig, 6 shows how thss msEhod Is appiied in the 
case where the users , iy|S#.2, MS#3, and MS#4 
ara transmitting by the COMA, multiple use in the 
same TOiVIAtime slot I to the Isase station SS. The 

30 users can be described with the common way of In- 
dication in figure 4a: #1,1 #1,2 #1,3 end #1,4. in this 
example case comprising four CDMA users, it is pos- 
sible to use the complarrssntary cods set S1 
S2=-«— S3=+-5-~-, and 84=*^-->-. From this the com- 
as piets orthogonal spreading codes for the users can 



be derived 


as follows: 






#1,1 




S,1=*+-H-,, 
















#1,2 








S,3=-«— 




Si 








#1,3 




















#1,4 




S^l"*.--*-, 
















45 It I; 


s m 


symed tt^at in this exampie n=11i 


B bits am 



transmitted during the time period Ttom- The ti m® rsf- 
sfence ussd by the bass station Is also indicstsd in 
the figure. Ths time period Tf^uii 'Jan, sf dsssred, be 
aim used in the base station rsceiverfortha change 

50 Qt the spreading code msmbers 'm matched f iitofing. 
The spreading codes In the time slot shown in 
Fig, S san also be considered, in addition to the use 
of the complementary cods sets, ss an innovating 
way to design the spreading coding entity with trans- 

55 mission pauses (ternary spreading codlrjg). 

The processing gain created in the receiver when 
K n"iatshsd f iltsrirsg results af« combined, is not need- 
od to eiltnlnate the interferersces caused tjy the other 
users of the same time slot but oniy to decrease In- 
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tsrfsrsFSGsfe-oii-i other stssjrcsas, for snstanca. to sttsnis- 
afe transmissiorsss coming e.g. frcwn a nsighbourf.'ig 
csll whsre Jh® same code sets sre used {Shere is no 
piBsypposed synchronization feetweei'^ base sta- 
tions), to eMminsts iiiterferencss teaking frosn other 
casilsr wave channels and othsr, espssiaBy mrmw 
band interferericss or jamtrijng. 

The advfSntags of the commijrficaSiorf mst iiod de- 
scribed io the invent ior? is tfie posssbi! ity of mcrsasi ng 
t he number of users on tiis same carrier ways or f rg~ 
quency chanrie! so thgJ ths users do not interfere or 
interact with saoh other (incrsasirig the network ca- 
pacity). The method can sSso be applied to existing or 
piasned TDMA eoffimiinicatksni systems, such as 
GSy, DECT and the corr8.sponding iMorth American 
S8-54orthe TDMAsystero according to ths Japanese 
standard RCR-2r, With this method, the network ca- 
pacity might be incrsased severai Sirries and then its 
capacity woiiid fnateh a pum CDiV5A network. Then 
the rrtethod is appiicabls with the constructiat^ of a 
CDMA accessory. 

Fig, 7 shows the SSsV? systsin principie as an op- 
srationai axsmple of the invsrstien. Whsn aboyt 16.5 
Mbits/s Is selected as the bit rat® of the code, eight 
other, complete orthogtmai users cm operets within 
one GSM time siot in a propagsElon environment 
whsrs the frsultipath ctsiay spread, the rfifferencss in 
propagation deiays and in timing aceufacy wii! aito- 
gsthsr be 16 its. Then 64 users in aiS can be tai<8n to 
one single carrier wave, « frequency chanrisi. 

Fig. 6 can be used as another application asam- 
pi« of another GSM Syps sysstem. When 3.62 iVibit&/s 
is selected as She bit rate In the Fig. 7 propagation en- 
vironrf^ent, and with the conditions K=i^-4, altogether 
32 users couSd be taken on one carrier wave, or fre- 
quency ohsnnei. 

Using coRipiementary coda sets will mean fur- 
ther edvarstages connected with singis radio links (8S 
MS#n, f'^S#n -> BS). From the point-of-view of a 
one user receiver, the ideal chas'sctsristics of tha 
spreading code autocorrdatlon function wiil fadiitate 
the acqtjfsition and tracking opsralions of code syn- 
chronization, as wBi! as RAi<E reception. 

Sn a network or csii, no power contro! methods 
nor any multiple access interference oanoeifing meth- 
ods are reqyired to increase their capacities, it is pas- 
sibie to OS® a rough powsr controS, as in the TDMA 
systems, to compensate the propagation attends- 
tione, d«e to ths nxsbiie stations iocating at different 
distances from the t?aae station, 

in view of the foregoirsg descrjptiorf ttwiii be evi- 
dent to a person skiiled in the art that varloijs srsodi- 
fications rresy be made within tha scope of the inven- 
tion. 

The scope of the present disefosure ineiudes any 
novel fsatiis-e or comhlnalion of featwres disctosed 
therein either expiicstSy or irripiicitly or arsy generaSlsa- 
tson thoroc^ iffsspectiv® of whether or n<3t it reietes to 



the claimed invsntion or mitigates any or ait of the 
probiems addressed by the present invsntiors. The 
appf leant hereby gives notice that nsw claims may be 
5 formulatad to such features during prosecution of tills 
appf Ication or of any ssjch further appiicatbn deslved 
ther«from. 



w Claims 

1, ,A CM-wsrjiunicatior! method espedaily for celluiar 
rriotsiie CGmrniinicatian, charsicJsrfeed in that a 
comisined COM AfTDMAor TDMA'GDMA m«it jpie 
<5 access is ussd and that in the CDMA part com- 
plementary code sets or eompiete orthogonal 
codes between She users are used as spreading 
codes,. 

20 S, A met hod according to ciaim 1, (shsraoterissd in 
that in each case a transmission burst is trans- 
mitted, comprising a certain number of data tJlts 
or data symbols, to be spreading modulated by 
or.® code membar (S„1), after which a trsnsmis- 

25 sson paose foiiows, next burst is transmitisd, 

modulated by anottier spreading cods {S„2), or- 
thogonai in rsiation to tiis preceding one, after 
which another trartsmission pause foiiows, a,s.o. 

30 3. ArfS8thoda&3ordingtGdaim2, charsiiisipksdisi 
the fact that the length of the transmission paose 
is Tf,, * Ts{ ■* T^, where 
T^j is the so-ea!isd myitspath delay spread, 
Tpc is the signal propagation delay differsnce 

ss within the network or cell, arsd 

Tjj, is the inaccuracy of the time synchronisation 
of the sjsers. 

4. Amethod according the claim S.shsraoterfeed in 
40 thatthe total time {T^lix) beionging to the spread- 
ing moduiation of the transmission burst by aii of 
the code set, including the transmission pauses, 
is used to change the spreading code members 
in the bass station receiver and, rsspectiveSy, to 

4s change the matched filter in the mobile station 
receiver, 

5, A communication system, psrticuiarly for ceiiuiar 
mobile communications, sharactsdsed in that 

so the transmission side comprises, connected to 
sad! other, the TO!\.WCDik^A or CQUAJTDUA 
blocks, and the nsceivsog side, rosps^etivsly, the 
CDMA/TOyA or TDMACDMA blocks. 

ss S. A commtinioation system, s^ssfasterssed in the 
fact that it has been carried out by constructirsg 
af^ edditlssna! CDMA accessory to the existing 
TOyA commijnia^tion ."system. 



11 EPaaM?13A2 12 



10 



so 



7. A rrsstiiod for radio tetephons cosTtmufjioation 
comprising, 

assigning rsspsetive gras^ps of radio isfs- 
phona ws«f s to respectivs orsss of a plurality of 
orthogertaS radio teiephone communlcsJion 
chsnnsSs, and 

assigning to each user of said groups mu- 
tsjaHji' ofthogoRS! spreading codas. 

8, A method for radio teisphone cofrmunication ac- 
cording to claim 7, wiierein She oj-thsgona! 
spfsading codes eompi'sss comptemantafy code 
sets. 

§. A srtsthod foe radio telophons communicaison ac- 
cording to dstm 7 or 8 wl^ereia i'm orthogorial 
communication ciiannsis comprise time divislor! 
muisiplsxed charifists. 

18. A method tor radio teSephons communication ac- 
cortitng to ciaim; 7 or 8, wiisrain the orthogorial 
eomrRijnfcatiori ciiarsrsste comprisefreqysncy di- 
vision mulJiptexad cliafinsls. 

11. A method for rsdio teiephone corfirrujniccjtson S3C- 
cording to daim 7 csr S, wlisrein tiis orthogonaf 
oofTirnijrilcstion ciianneis comprise quadratyre 
componersSs of s carrier wave, dlfforesit poiarisa- 
!;ion isveis or roteition direct iorss. 



12. A system for radio teiephorte commufiiaation, 
cofTiprisirig means for assigning raspective 
groups of fadio tsiephone users to respective 
ones of a plurality of ortiiogona! radio tsiepiiorie ss 
commofiicatiori charsnsis, and iTssans for sssign- 
Ing to each ussr of said gs'oups mutisai ly orSiiogo- 
nai spreadirsg codess. 
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